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£) Radiation image storage panel and process for the preparation of the same. 

00© A radiation image storage panel comprising a phosphor layer which comprises a stimulable phosphor, m 
M which said phosphor layer is impregnated with a polymer material. Processes for the preparation of the same 
O are also disclosed. 
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RADIATION IMAGE STORAGE PANEL AND PROCESS FOR THE PREPARATlbN OF THE SAME 

BACKGROUND OF THE INVENTION 
5 Field of th e invention 

70 panel. 

Description of Prior Art 

" For ot^taining a radiation i.age, a radiation i.age recording -^^^,^3^;^/^ 

stln^olable phosphor as ^J-n^^t ^^^^^^^^^ phosphor (i.e.. 

practically used. In the method, a radiaUon ""j'S^ ^ i^^^^ causing the stimulable phosphor 

stimulable phosphor sheet) is employed and ^^^-^fS m ouari ob^^^^^^^^ radiated from an object: 

25 material such as a photographic film or a '^'^^'^^^'ll^^^^^' ^^'^ 3,ffi,le„t amount of information by ' 

greatvalueespecially when the method is used for m^^^^^^^^ ^ ^^^^^^^^^ 

The radiation image storage pane employed in ^roUh^^ support. Further, a transparent 

a *h^Sr^^^^ ». ^age « high quality Ihigh shan>»a5.. high grainln»s. 

^o"arrrarX^^^^ -P'OV^^ rrn«,Triri,'t;''-«a, a^ouh. o, 

of a radiation such as X-rays ^^^^^^'^^^^^^^^^ oHhe phosphor in the phosphor layer is 

quality (especially graininess). On t*^.^ Ji^Jf "J^^^ the phosphor layer is charged densely 

ZSZ-^X^X^r^"^^^ o, ,a,s 

caused by the scattering. 
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The phosphor layer has been usually formed by adding stimulable phosphor particles and a binder to 
an appropriate solvent to prepare a coating dispersion, then applying the coating dispersion onto a support 
or a sheet using a known coating means such as a doctor blade or a roil coater. and drying the coated 
layer. Thus formed phosphor layer comprising the binder and the stimulable phosphor dispersed therein 

5 has a relative density (proportion by volume of the phosphor occupying the phosphor layer) limited to 
approx. 60 %. Further, since the phosphor layer having the binder contains a great number of air bubbles, 
the stimulating rays and the emitted light tend to scatter. 

There have been known methods for forming a phosphor layer which contains no bender and consists of 
only a stimulable phosphor. As a typical example of the known methods, there is a deposition method to 

10 form a phosphor layer. Further. U.S, Patent No. 3,859.527 describes that a temporary storage medium 
comprises a hot pressed phosphor, and the amendment at the date of September 11. 1985. which is 
disclosed in Japanese Patent Provisional Publication No. 61(1986)-73100, describes that a phosphor layer is 
formed by a firing process. However, both the descriptions merely indicate that the hot press process and 
the firing process can be employed to form the phosphor layer. 

15 There has been filed by the present application a patent application for a radiation image storage panel 
comprising a support and a phosphor layer provided thereon which comprises a stimulable phosphor, 
characterized in that said phosphor layer consists essentially of a sintered stimulable phosphor and has a 
relative density of not less than 70 %, and a process for the preparation of the same (U.S. Patent 
Application No.072.898). 

20 

SUMMARY OF THE INVENTION 

25 It is an object of the present invention to provide a radiation image storage panel which is improved in 
the sensitivity and the mechanical strength, and a process for the preparation of the same. 

It is another object of the present invention to provide a radiation image storage panel which is 
improved in the sensitivity and the mechanical strength and provides an image improved in the sharpness, 
and a process for the preparation of the same. 
30 The present invention provides: 

[1 ] a radiation image storage panel having a phosphor layer which comprises a stimulable phosphor, 
in which said phosphor layer is impregnated with a polymer material: 

[2] a process for the preparation of a radiation image storage panel having a phosphor layer of a 
stimulable phosphor, which comprises the steps of molding a phosphor layer-forming material containing a 
35 stimulable phosphor into a sheet, sintering the molded product and then immersing the sintered product in 
a liquid of a polymer material to form a phosphor layer impregnated with the polymer material: and 

[3] a process for the preparation of a radiation image storage panel comprising a support and a 
phosphor layer of a stimulable phosphor provided thereon, which comprises the steps of depositing a 
stimulable phosphor on the support to give a deposited film of the stimulable phosphor and then immersing 
40 the deposited film in a liquid of a polymer material to form a phosphor layer impregnated with the polymer 
material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 is a schematic view showing the constitution of a vacuum deposition apparatus employable in 
the formation of the phosphor layer according to the invention. 

Fig. 2 graphically shows a relationship between the relative sensitivity and the sharpness with respect 
50 to the radiation image storage panel according to the present invention (measured points 1 to 3, Curve a) 
and the radiation image storage panels having a colored phosphor layer also according to the present 
invention (measured points 4 to 6. Curve b). 

55 
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DETAILED DESCRIPTION OF THE INVENTION 

In the oresent invention, a phosphor layer of a radiation image storage panel composed of a stimulable 
s phoiphor S^TconSg no binder is formed through a sintering process or a deposition Process to charge 
*rnhn4hor into the ohosphor layer at a high density. Further, the phosphor layer .s impregnated with a 
ZvTe^'^^jZ^ J^^^^^^ therein to enhance the bonding strength of the pf^osphor. whereby the 
resulting panel can be improved in the sensitivity and the mechanical strength. 

In one aspect of the invention, the phosphor layer is formed by a process compnsmg the steps of 
mollra phosphoMe^/er-forming material containing a stimulable phosphor into a sheet and s.ntenng the 
Sned moS produrt (l.e.. sintering process) or a deposition process, so that the stimulable Phosphor .n 
totted Ste oTln the deposited state is densely packed as a whole to give a phosphor layer of a h.gh 

'^'^^^ethosphor layer obtained by the processes according to the invention does not contain any binder 
,5 andTn exSely larger amount of the phosphor exists therein, as compared w,th a phosphor 'ayer hav.ng 
me samelhickness which is obtained by the conventional coating process, and hence the amount of the 
TtimuLted eSon gS by the whole phosphor layer is increased. Further, the amount of a radiation 
aSHby tSrhr phosphor layer is increased, which also brings about the increase ^'^^"^ 
^^mf to enhance the sensitivity of the panel. Moreover, air bubbles (pores) are reduced m the phosphor 
.0 SJeTind ^^6^.o:^ T^u^t^es results in decrease of the scattering of emitted light, whereby the 
detection efficiency of ^he emitted light is increased to enhance the sensitivity of the panel ^ . _ 
Srincrease'^f the absorption amount of a radiation per a phosphor layer also results .n reducng the 
niiantiim noise of the radiation, to give an image of high graininess. 

^ rTnomer a pect of the invention, the phosphor layer is impregnated with a polymer -ater,a. and *.a 

« oolvmer material fills up the voids in the sintered or deposited stimulable phosphor (for example^ gra^n 

E ar^ S -iir pore part of the phosphor in the case of a -"^ered phosphor .ay^). so that the 

phosphor layer hardly suffers cracks even when an external force (or pressure) .s applied thereto. 

A phosphor layer formed by the sintering process or the deposition process is packed w.th a st.mul^le 

nh^rnJor at a hioh density and has a high rigidness. and on the other hand, the phosphor layer easily 

30 ^ks or lakstven When aS external force' is slightly applied thereto. According to the invention^ the 

Ser ma^^rial is charged into the voids of the phosphor layer to allow the phosphor parttcles to keep he 

Sornq Ttreng* thereamong. and thereby the resulting panel does not suffer cracks or breakages on the 

pShor layer even when\n external force such as a shock is applied thereto .n the transfemng 

orocedure that is. the panel is improved in the mechanical strength and handling property, 
procedure tha^ s_t p p .^^^ ^^.^^ p^^^p^^^ 

the po^S in t?e phosphor layer, so that the emitted light can be prominently prevented from being 
Stt^S t; increase" e detection efficiency of the emitted light, whereby the panel is -reased m ^^^^^ 
Sensitivity That is. the radiation .mage storage panel of the present invention is higher in f^^ ^^"f 
compared with the conventional one comprising a phosphor layer which consists of only *e stimulable 

"° "'Tthe impregnation procedure of the polymer material into the phosphor layer of *e radiation image 
storage panel according to the invention, a colorant capable of at least a portion of stimulating rays may be 
incorporated into the polymer material. Thus, a colored phosphor layer is obtained. 

Snce a phosphor layer formed by the sintering process or the deposition process has a high dens-^ 

45 the stimulable phosphor, the mean free path of stimulating rays in the phosphor layer .s made longer to 
wrdeTyTp^ad the scattered stimulating rays, resulting in lowering of the sharpness of an obtamed .rnaga 
According to the invention, the scattered stimulating rays are absorbed by the colorant in the phosphor 
laver so that the image quality such as sharpness can be prominently prevented from lowenng 
' Moreover the ph'osphor 2yer can be easily colored to a desired extent by impregnation of the cotorant 

,o into me ohosphor layer with the polymer material. The colorant exists in the gram boundary part and.o the 
pXart beTng^^^^^^^^ °" the^u^^ce of the phosphor, so that the phosphor layer is colored uniformly to 

ntSonrgr^rlr^^^^^^^ ™sent invention having the above^escribed advantages are 

3s ^T;t^:;h:rT::.rcrr^^ -ists essentialW of a 

stimulable phosphor and is impregnated with a polymer material in voids of the stimulable phosphor 

s^muS^le phosphor as described hereinbefore, gives stimulated emiss^n when exerted wi* 
stimuiating rays after exposure to a radiation. From the viewpoint of practical use. the sttmulabte phosphor 
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is desired to give stimulated emission in the wavelength region of 300 - 500 nm when excited with 
stimulating rays in the wavelength region of 400 • 900 nm. 

Examples of the stimulabie phosphor employable in the radiation image storage panel of the present 

invention include: 

5 SrSiCe.Sm. SrS:Eu,Sm. ThOaiEr. and La202S:Eu.Sm, as described in U.S. Patent No. 3.859,527; 

ZnS:Cu,Pb, BaOoxAl2 03:Eu, in which x is a number satisfying the condition of 0.8 ^ x S 10. and 

M2*OoxSi02:A, in which M^* is at least one""divalent metal selected from the group consisting of Mg, Ca. 

Sr. 2n, Cd and Ba, A is at least one element selected from the group consisting of Ce. Tb. Eu. Tm. Pb. Tt. 

Bi and Mn, and x is a number satisfying the condition of 0.5 ^ x S 2.5, as described in U.S. Patent No. 
10 4.326.078; 

(Bai.x.y.Mgx.Cay)FX:aEu2*, in which X is at least one element selected from the group consisting of Ct 
and Br, x and ^ are numbers satisfying the conditions of 0 < x + y ^ 0-8 and xy ^ 0, and a Is a number 
satisfying the condition of 10"' S a 5 5x1 0'^^ as described in Japanese Patent Provisional Publication No. 
55(1980)-12143; 

75 LnOXrxA. in which Ln is at least one element selected from the group consisting of La, Y, Gd and Lu. X 
is at least one element selected from the group consisting of CI and Br. A is at least one element selected 
from the group consisting of Ce and Tb, and x is a number satisfying the condition of 0 < x < 0.1, as 
described in the above-mentioned U.S. Patent No. 4,236,078; 

Ba,.«.M2*jFX:yA in which M2* is at least one divalent metal selected from the group consisting of Mg, Ca, 
20 Sr. Zn and Cd, X is at least one element selected from the group consisting of Ct. Br and I. A is at least 
one element selected from the group consisting of Eu, Tb. Ce. Tm, Dy. Pr. Ho, Nd, Yb and Er, and x and )^ 
are numbers satisfying the conditions of 0 ^ x ^ 0.6 and 0 S y S 0.2. respectively, as described- in U.S. 
Patent No. 4.239,968: 

M"FXoxA:yLn, in which M" is at least one element selected from the group consisting of Ba, Ca, Sr. Mg. 
25 Zn and Cd: A is at least one compound selected from the group consisting of BeO, MgO. CaO, SrO. BaO. 
.ZnO. AI2O3. Y2O3. La203. In203. Si02. TiOs, Zr02. Ge02. Sn02. NbaOs. TaaOs and ThOs: Ln is at least 
one element selected from the group consisting of Eu. Tb, Ce, Tm, Dy. Pr, Ho, Nd. Yb, Er, Sm and Gd: X is 
at least one element selected from the group consisting of Ct. Br and I: and x and ^ are numbers satisfying 
the conditions of 5x10^ ^ x S 0.5 and 0 < y ^ 0.2. respectively, as described in Japanese Patent 
30 Provisional Publication No. 55(1980-160078; 

Baux.M"x)F2oaBaX2:yEu,2A. in which M" is at least one element selected from the group consisting of 
Be. Mg. Ca. Sr, Zn and Cd: X Is at least one element selected from the group consisting of Ct. Br and I: A 
is at least one element selected from the group consisting of Zr and Sc; and a. x, ^ and z are numbers 
satisfying the conditions of 0.5 ^ a ^ 1.25, 0 ^ x ^ 1, 10^^ ^ y :S 2x10"-'. and 0 < z ^ IO-2. respectively, as 
35 described in Japanese Patent Provisional Publication No. 56(1981 )-1 16777: 

(Bai.x.M"x)F2oaBaX2:yEu,zB, in which M" is at least one element selected from the group consisting of 
Be. Mg. Ca. Sr. Zn and Cd: X is at least one element selected from the group consisting of C I. Br and I; 
and a. x. ^ and 2 are numbers satisfying the conditions of 0.5 ^ a ^ 1.25. 0^x5 1. 10"^ ^ y ^ 2x10^'. and 
0 < 2 ^ 2x1 0~\ respectively, as described in Japanese Patent Provisional Publication No. 57(l982)-23673: 
40 (Bai.x,M"x)F2oaBaX2:yEu.2A, in which M" is at least one element selected from the group consisting of 
Be, Mg. Ca, Sr, Zn and Cd; X is at least one element selected from the group consisting of CI, Br and I: A 
IS at least one element selected from the group consisting of As and Si: and a, x, ^ and 2 are numbers 
satisfying the conditions of 0.5 ^ a ^ 1.25, 0 ^ x ^ 1. 10"« S y :S 2xl0-\ and 0 < z S 5x10--. respectively, 
as described in Japanese Patent Provisional Publication No. 57(1 982)- 23675: 
45 M"'OX:xCe, in which M'" is at least one trivalent metal selected from tiie group consisting of Pr. Nd. Pm. 
Sm. Eu. Tb. Dy. Ho, Er. Tm. Yb, and Bi: X is at least one element selected from the group consisting of Ct 
and Br: and x is a number satisfying the condition of 0 < x < 0.1, as described in Japanese Patent 
Provisional publication No. 58(1983)-69281: 

Bai.xMK2LK-2FX:yEu2\ in which M is at least one alkali metal selected from the group consisting of Li. 
50 Na, K, Rb and Cs: L is at least one trivalent metal selected from the group consisting of Sc. Y. La, Ce, Pr, 
Nd. Pm. Sm, Gd, Tb, Dy, Ho, Er. Tm. Yb. Lu. At. Ga, In and Tl: X is at least one halogen selected from 
the group consisting of C I, Br and 1; and x and ^ are numbers satisfying the conditions of 10"^ ^ x ^ 0.5 
and 0 < y ^ 0,1. respectively, as described Tn U.S. Patent Application No. 841.044: 

BaFXoxA:yEu2*. in which X is at least one halogen selected from the group consisting of CI. Br and I: A 
55 Is at least one fired product of a tetrafluoroboric acid compound; and x and ^ are numbers satisfying the 
conditions of 10"^ ^ x ^ 0.1 and 0 < y ^ 0.1, respectively, as described in U.S. Patent Application No. 
520.215: 

BaFXoxA:yEu^'. in whch X is at least one halogen selected from the group consisting of CI, Br and I: A 

5 
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r H ^.^Hiirt nf a hexafluoro compound selected from the group consisting of monovalent 
and y are numbers satisfymg the conditions ot lu - x ^ u. i u u y 

''■%1^:1hS^T in whTch e^Jh of X and X' is at .east one halogen selected from the g-P cons-sting 
nf Br and fand x and a are numbers satisfying the conditions of 0 < x J f/"^ 0 < a ^ 0.2. 

M''FX.xNaX.yEu .zA. in '^nicn .vi selected from the group consisting of 

Ni and X. ^ and z are numbers satisfying the conditions of 0 < x S 2. 0 < y ^ 0.2 and 0 < z - lu 

'''^^i't^'^^^ in whlcfM" is at least one alkaline earth metal selected from 

M"FX.aMX.bM ^ ^^^^ alkali metal selected from the group cons.st.ng of 

r nTk^ rS^s^LtTetsfo^ f alent -al se.~ the .cup c^ns.sting of Be and M^^^^^ 
M'« is at least one tnvalent metal selected from the group ^°"^'^;'"9 °* ^'^'^^^ '^^^^ j x' x- and X" is at 
X is at least one halogen selected from the 9r°"P c°n^^^^^^^^ ^^^,,,3 
least one Haloge" sheeted from the group con.^ ^- ^^^^^^ 

the conditions of 0 ^ a s 2 0 ^ b ' « ; ^ respectively, as described in U.S. Patent 

satisfying the conditions of 0 < x s u.s ana u v y « . 

'^'^55'°«M'^'TE5*^'in which M" is at least one alkaline earth metal selected from the 9~"P =o"f 
Of b: Sr-aTd c:re:ch-of";Sx"is at .east one halogen ^-e— the 9;oup con.st.ng of Ct^ Br and 
and X * X-. and a and x are numbers sat.sfy.ng the cond.t.ons of 0.1 - a = 10.0 

^TM^^^irr^^^ ^^^^^^^^^ 

ea.t'T c2 M- is at least one a>k.i m J. selected 

tt r.^cT rar.^ar fn3\t^^^^^ s^s^ino - condi«ons of 0 . a . .0 and 0 
< « 5 0 2 resoectively. as described in U.S. Patent Application No. 81 4.029. 

least one halogen selected from the group consisting of F. Ct. 8 and aio d is a nu 

Sc .n., r- IS « ^as, one nalogen — ro. ^^^^^^^ 

F 01 Br ana 1: and b, c ana d are numbers sallslying «.. eondeone =1 0 s b s 2.0. 0 S c s 2.0. 0 s d 

. - rrjr;:l-Lris^^t,''=rs^°™^^^ ~ . u.s. p.„™ 

""-blrnr^h'^ rZbe'r'La,"n;r < b . 3.,0-.. as described . U.S. Ps»n, 

- F Cl Br and I: and b and c are numbers satisfying the conditions of 0 < b S 10.0 and 10 

r^rra^r L?^^^^^^^^^^ - . ,o. a„a ,0- . . 



30 



35 
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^ 1.8x10"". respectively, as described in U.S. Patent Application No. 850,715. 

Among ttie abovjB-described stinnulable phosphors, the divalent europiunn activated alkaline earth metal 
halide phosphor and the rare earth element activated rare earth oxyhalide phosphor are particularly 
preferred, because these phosphors show stimulated emission of high luminance. The above-described 
stimulable phosphors are given by no means to restrict the stimulable phosphor employable in the present 
invention. Any other phosphors can be also employed, provided that the phosphor gives stimulated 
emission when excited with stimulating rays after exposure to a radiation. 

The phosphor layer can be obtained, for example, by forming a layer composed of only the stimulable 
phosphor {i.e.. sintered product or deposited film) through a sintering process or a deposition process and 
then impregnating the layer with a polymer material. 

- In the case of the sintering process, the phosphor layer can be formed by the process comprising the 
steps of (1) molding a phosphor layer-forming material containing a stimulable phosphor into a sheet, and 
(2) sintering the molded product. 

In the first procedure of molding, a powder . material comprising particles of the above described 
stimulable phosphor is employed as the phosphor layer-forming material. 

A dispersion containing stimulable phosphor particles and a binder can be also employed. In this case, 
the stimulable phosphor particles and the binder are added to an appropriate solvent, and they are well 
mixed to prepare a dispersion in which the phosphor particles are homogeneously dispersed in a binder 
solution. 

The binder is preferably selected from materials having excellent properties such as high dispersibility 
of phosphor and high exhalation in the succeeding sintering procedure. Examples of the binder include 
paraffin such as paraffin having 16 - 4o' carbon atoms and a melting point of 37.8 - 84.5 wax such as 
natural wax (e.g.. vegetable wax such as candeliHa wax. carnauba wax. rice wax and Japan wax: animal wax 
such as beeswax, lanolin and whale wax: and mineral wax such as montan wax. ozocerite and ceresin) and 
synthetic wax (e.g.. coal wax such as polyethylene wax and Hscher-Tropsch wax: and oil wax such as 
curing castor oil, fatty acid amide and ketone); and resins such as polyvinyl butyral, polyvinyl acetate, 
nitrocellulose, ethyl cellulose, vinylidene chloride-vinyl chloride copolymer, polyalkyi (meth)acrylate, vinyl 
chloride-vinyl acetate copolymer polyurethane cellulose acetate butylate. polyvinyl alcohol and linear 
polyester. Also employed are proteins such as gelatin, polysaccharides such as dextran and gum arable. 

Examples of the solvent employable in the preparation of the dispersion include lower alcohols such as 
methanol, ethanol. n-propanol and n-butanol; chlorinated hydrocarbons such as methylene chloride and 
ethylene chloride: ketones such as acetone, methyl ethyl ketone and methyl isobutyl ketone; esters of lower 
alcohols with lower aliphatic acids such as methyl acetate, ethyl acetate and butyl acetate: ethers such as 
dioxane. ethylene glycol monoethylether and ethylene glycol monoethyl ether: and mixtures of the above- 
mentioned compounds. 

The ratio between the binder and the stimulable phosphor in the dispersion is determined according to 
the nature of the phosphor employed or conditions in the molding and sintering procedures described 
hereinafter. Generally, the ratio therebetween is within the range of from 1 : 1 to 1 : 300 (binder : phosphor, 
by weight), preferably from 1 : 20 to 1 : 150. 

The dispersion may contain a dispersing agent to assist the dispersibility of the phosphor particles 
therein. Examples of the dispersing agent include phthalic acid, stearic acid, caproic acid and a hydropho- 
bic surface active agent. 

In the case that the phosphor layer-forming material is a powder material, a molding tool is charged 
with the powder material to mold the material into a sheet As the molding tool, a rectangular metal mold is 
generally employed. In the case that the phosphor layer-forming material is a dispersion, the dispersion is 
applied onto an appropriate substrate by the known coating method such as a method using a doctor blade 
to be molded into a sheet. Alternatively, the dispersion is introduced into the molding tool and molded into a 
sheet in the same manner as the case of the powder material. Examples of the substrate include sheets of 
inorganic materials such as quartz, zirconia. alumina and silicon carbide. 

During the molding procedure, the phosphor layer-forming material may be subjected to a compression 
treatment, especially in the case of the powder material. The compression treatment is carried out for 
example by press molding, wherein the forming material is preferably applied with a pressure ranging 1x10^ 
to 1x10* kg..cm2. Through the compression treatment, the resulting phosphor layer is further enhanced in 
the relative density. 

In the second place, the molded product in the form of sheet (i.e. molded sheet) is subjected to a 
sintering procedure. 

The sintering is performed using a firing fumace such as an electric furnace. Temperature and time for 
the sintering are determined according to the kind of the phosphor layer-forming material, the shape and 
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r;r^rc»rs.ni i-^r; s;4r- ».r.^":«. j^a.. 

""T'^nUuc" can be cnw ou. osin, a dapoa*- appa«« „ shown In Hg. 

. ~r».- ^^^^^^^ 



20 



25 



" '""^"daoosltion Is carfM out by heating the substrate to a prcKletetmined tempejatur, le^g- ternpera- 
. .J^- of 25r«0-C) nrW to *Mng the exhaust system 1 3 or heating the molybtlenum boa 
r dJ^JS^^eS" « ^ phospL IS generally In the range o, apprcx. 200 to 4.«0 

» j^J27™r,lCr» -^^^^^^^^^^^ . .0 « depo^^d IS 

the process described in "ELECTRONICS AND OPTICS" Th.n Sohd F.lm. VIS (198*) 89 95. by P.K oa 
. sl^Srd product or the deposited fiim of the stimu.able P^,^^- "-.P^^'^'^^^ '^^"^ 

- ^^^S^7^^%^'rZ^^T^^ —.V bv .e 

following formula (1): 

Vp.V = aA(a + b)pxV 0) 

8 
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in which each symbol is as follows: 
V: whole volume phosphor layer. 
Vpi volume of phosphor. 
A: whole amount of phosphor layer, 
5 px: density of phosphor. 

a: weight of phosphor, and 
b: weight of binder 

In the present specification, the relative density of the phosphor layer means a value calculated by the 
formula (I). In the case of the sintering process, b in the formula (I) is almost 0. since the binder hardly 
10 exists in the phosphor layer prepared by sintering. In the case of the deposition process, b in the formula 
(I) is 0, since no binder is employed in the process. 

The above-described sintering process and deposition process are given by no means to restrict the 
process employable for the formation of a phosphor layer comprising only a stimulable phosphor, and any 
other processes can be also employed provided that they can form a layer composed substantially only of 
?5 a stimulable phosphor at a high density. 

Subsequently, the layer of the stimulable phosphor such as the sintered product or the deposited film is 
impregnated with a polymer material. 

Examples of the polymer materials include thermo setting resins of cold-setting type or heat-setting 
type, ultraviolet (UV) curing resins and electron beam (EB) curing resins. These resins are well known, and 
20 the polymer material employed in the invention can be optionally selected from these known resins. 

For impregnating the polymer material, the layer of the stimulable phosphor is immersed in a liquid of 
the polymer material (including a material capable of being polymerized through polymerization curing such 
as the above-mentioned curing resins) for a short period of time (e.g.. for several seconds to several 
minutes). The immersing is preferably done at a reduced pressure or under vacuum. The immersed layer is 
25 then heated or irradiated with ultraviolet rays or an electron beam to cure the polymer material. When the 
molded sheet is formed on the substrate by coating, the sintered product thereof is immersed in the liquid 
of polymer material after separating it from the substrate. In the case that the deposited film is formed on 
the support, the film is immersed in the liquid together with the support. The polymer material is 
impregnated in such a manner that the voids produced in the layer of the stimulable phosphor are filled up 
30 with the polymer material. For example, the polymer material is charged into the grain boundaries and'or 
pores of the stimulable phosphor in the case of the sintered product. 

The thici<ness of the obtained phosphor layer varies depending upon the characteristics of the aimed 
radiation image storage panel, etc. Generally, the thickness thereof prepared by the sintering process is in 
the range of 20 am to 1 mm, preferably in the range of 50 to 500 am. The thickness thereof prepared by 
35 the deposition process is generally in the range of 10 to 500 um. preferably in the range of 20 to 250 am. 
In the present invention, the phosphor layer may be colored with a colorant. 

The colorant employable for coloring the phosphor layer absorbs at least a portion of the stimulating 
rays for causing the stimulable phosphor contained in the phosphor layer to give stimulated emission. The 
colorant preferably has such reflection characteristics that the mean reflectance thereof in the region of the 

40 stimulation wavelength of the stimulable phosphor is lower than the mean reflectance thereof in the region 
of the emission (stimulated emission) wavelength of the stimulable phosphor. 

From the viewpoint of the sharpness of the resultant image, it is desired that the moan reflectance of 
the colorant in the region of the stimulation wavelength is as low as possible. Generally, the mean 
reflectance of the colored phosphor layer in said wavelength region is not higher than 96 % of the mean 

45 reflectance of a phosphor layer equivalent to said phosphor layer except for being uncolored in the same 
wavelength region. On the other hand, from the viewpoint of the sensitivity of the panel, it is desired that the 
mean reflectance of the colorant in the region of the emission wavelength is as high as possible. Generally, 
the mean reflectance of the colored phosphor layer in said wavelength region is not lower than 30 % of the 
mean reflectance of a phosphor layer equivalent to said phosphor layer except for being uncolored in the 

50 same wavelength region, and preferably not lower than 90 % thereof- The term "reflectance" used herein 
means a reflectance measured by use of an integrating-sphere photometer. 

Accordingly, the preferred colorant depends on the stimulable phosphor employed in the radiation 
image storage panel. From the viewpoint of practical use. the stimulable phosphor is desired to give 
stimulated emission in the wavelength region of 300 - 500 nm when excited with stimulating rays in the 

55 wavelength region of 400 -900 nm as mentioned above. Employable for such a stimu lable phosphor is a 
colorant having a body color ranging from blue to green, so that the mean reflectance thereof in the region 
of the stimulation wavelength of the phosphor is lower than the mean reflectance thereof in the region of the 
emission wavelength of the phosphor and the difference therebetween is as large as possible. 

9 
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Examples of the colorant having a body color ranging from blue to green (dye and pigment) employed 
in the TnTenfion include the colorants disclosed in U.S. Patent No. '4.394.581 that is: organ.c cotoran^ such 
as Zapon Fast Blue 3G (available from Hoechst AG). Estrol Brill Blue N-3RL ava. able from Surn.tomo 
Chemical Co Ltd ) Sumiacryl Blue F-GSL (available from Sumitomo Chemical Co.. Ltd.), 0 & C Blue Nal 
SaSbS from Naiona. AniL). Spirit Blue (available from Hodogaya Chemical Co.. Ud. Oil Blue No^603 
available from Orient Co., Ltd.). Kiton Blue A (available from Ciba-Ge.gy). Aizen Cathilon Blue GLH 
available from Hodogaya Chemical Co.. Ltd.). Lake Blue A.F.H (available from Kyowa Sangyo Co Ltd ). 
SI Blue 6GX (available from Kyowa Sangyo Co.. Ltd.). ''^-Vanine 6GX (avai^^^^^^^^^ 
Sangyo Co.. Ltd.). Brillacid Green 6BH (available from Hodogaya Chemical Co. Ltd.) Cyanme Blue BNRS 
(avaSble from Toyo Ink Mfg. Co.. Ud.). Uonol Blue SL (available from Toyo Ink Mfg. Co.. Ltd.)^and the 
like: and inorganic colorants such as ultramarine blue, cobalt blue, cerulean-b blue, chromium oxide. TiOa- 

ZnO-CoO-NiO pigment and the like. . 
Examples of the colorant employable in the present invention also include the colorants described in 

U S Patent Aoolication No. 326.642. that is: organic metal complex salt colorants having Color Index No. 

ailf NO 2316^. ^ 74180. No. 74200. No. 22800. No. 23150, No. 23155. No. 24401. No. 14880. No. 

?505a No. 15706. No. 15707. No. 17941. No. 74220. No. 13425. No. 13361. No. 13420. No. 11836. No. 

74140. No. 74380. No. 74350. No. 74460, and the like. ^(^rr^rt 
Among the above^entioned cotorants having a body color of from blue to green, part.cu Jrly preferred 

are the organic metal complex salt colorants which show no emission in the longer wavelength region than 

that of the stimulating rays as described in the latter U.S. Patent Application No. 326.642. , . , 

?he coloring of the phosphor layer can be made in the same place where ^^^^ P^'r^- 
impregnated into the layer of the stimulable phosphor (i.e.. sintered product or deposited film). The above- 
mentioned colorant is dissolved or dispersed in the polymer material to prepare a liquid soUjton or 
Aspersion) of the polymer material containing the colorant. In the liquid of the polymer ma^enal contain ng 
the colorant is immersed the layer of the stimulable phosphor and the polymer matenal is then cured m the 
same manner as described before, whereby the colorant stably remains in the gram boundaries andor the 

pores of the stimulable phosphor. ^ . *u i ff^a 

When the colorant is a dispersibfe one (i.e.. pigment), the amount of the colorant in the ^qu.d of ttte 
polymer material is generally in the range of 0.01 to 100 mg.. preferably in the range f 04 f J ° 
g. of the polymer material. When the colorant is a soluble one (i.e.. dye), the amount of the coloran in the 
Hquid of S polymer material is generally in the range of 0.01 to 100 ug.. preferably m the range of a 1 o 
10 ug. per 1 g. of the polymer material. The coloring degree of the phosphor layer can be suitably 
controlled by changing the concentration of the liquid containing the colorant, etc. 

AS for the radiation image storage panel of the invention, one or more layers constituting the panel 
other than the phosphor layer, for example, a support, a subbing layer a light-reflecting layer an adhesive 
layer and a protective film, may be further colored with the same colorant as employed for coloring the 

phosphor layer layer is preferably provided with a support on one surface. When the phosphor layer is 
prepared by the deposition process, the phosphor layer is always formed on the support in the course of 
deposition as described hereinbefore. . , .j ■ 

A support material employable in the invention can be selected from those emptoyed in the conven- 
tional radiographic intensifying screens or those employed in the known radiatiori image forage panels 
Example of the support material include plastic films such as films of cellulose acetate, polyester, 
polyethylene terephthalate. polyamlde. polyimide. triacetate and polycarbonate, metal to''f/'i=h^ alu- 
minum foil and aluminum alloy foil; metal sheet: ceramic sheet: ordinary papers: baryta paper: resin-coa ed 
papers: pigment papers containing titanium dioxide or the like: and papers sized with polyviny a'cobc,! or 
S,e like. The support may contain a light-absorbing material such as carbon black, or may contain a I ght- 
reflecting material such as titanium dioxide. The former is appropriate for preparing a h.gh-sharpness type 
panel, while the latter is appropriate for preparing a high-sensitivity type panel. ^^^^;„„=,„„ 

, in the case of providing a support on the phosphor layer, one or more additional layers are occasionaUy 
provided between the support and the phosphor layer. For instance, an adhesive '^^^''^^l''^ ^'^''''^^J'y 
coating a polymer material such as gelatin over the surface of the support on the phosphor layer-side to 
enhance the adhesion therebetween. A light-reflecting layer containing a light-reflecting material such as 
titanium dioxide or a light-absorbing layer containing a light-absorbing material such as carbon b'ack may 

5 be provided on the support to improve the sensitivity of the panel and the quality of an image (sharpness 
and graininess provided by the panel. The phosphor layer-side surface of the support (or the surface of an 
adhesive layer, light-reflecting layer or light-absorbing layer in the case that such layers are provided on the 
surface of the support) may be provided with protruded and depressed portions for enhancement of the 

10 
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sharpness of an image, as described in U.S. Patent Application No. 496.278. 

The support is provided on the phosphor layer by coating a surface of the support with an adhesive 
agent and fixing the phosphor layer thereon. Alternatively, the molded sheet obtained in the molding 
procedure may be placed on the support and then sintered, so that the support can be provided at the 
5 same time as the phosphor layer is formed. When forming the molded sheet by coating, a support can be 
employed as the substrate. In these cases, the impregnation of the polymer material and further the 
colorant into the phosphor layer is performed by immersing the substrate having the sintered product in the 
liquid of polymer material. 

On the other surface of the phosphor layer, a transparent protective film may be provided to protect the 

10 phosphor layer physically and chemically. 

The transparent protective film can be formed on the phosphor layer by coating the surface of the 
phosphor layer with a solution of a transparent polymer such as a cellulose derivative (e.g. cellulose acetate 
or nitrocellulose) or a synthetic polymer (e.g. polymethyi methacrylate. polyvinyl butyral. polyvinyl formal, 
polycarbonate, polyvinylacetate. or vinyl chloride-vinyl acetate copolymer), and drying the coated solution. 

*5 Alternatively, the protective film can be provided on the phosphor layer by beforehand preparing a film for 
forming a protective film from a plastic sheet made of polyethylene terephthalate, polyethylene, poly- 
vinylidene chloride or polyamide: or a transparent glass sheet, followed by placing and fixing it onto the 
phosphor layer with an appropriate adhesive agent. The transparent protective film prefer ably has a 
thickness within the range of approx. 0.1 to 20 um. 

20 Examples and comparison examples of the present invention are given below, but these examples are 
understood to by no means restrict the invention. 



Example i 

25 

To a mixture of divalent europium activated barium fluorobromide (BaFBrO.OOIEu^") phosphor particles 
and an acrylic resin was added methyl ethyl ketone to prepare a dispersion containing the phosphor 
particles and the binder in the ratio of 20 : 1 (phosphor : binder, by weight). The dispersion was sufficiently 
30 stirred by means of a propeller agitater to obtain a homogeneous coating dispersion having a viscosity of 
35 - 50 PS (at 25** C). 

Subsequently, the coating dispersion was evenly applied to a Teflon sheet placed horizontally by using 
a doctor blade. After the coating was complete, the Teflon sheet having a coated layer of the dispersion 
thereon was placed in an oven and dried at a temperature gradually rising from 25 to 100**C. After drying. 

35 the coated layer (film) was separated from the Teflon sheet. The separated film was placed on" a quartz 
plate, and the quartz plate having the film was placed in a high-temperature electric furnace to perform 
vaporization of the binder and sintering of the phosphor. The vaporization of the binder was carried out at 
400''C for 4 hours in air. and then, the sintering of the phosphor was carried out at 650 °C for 2 hours in a 
nitrogen gas atmosphere. The sintered product was then taken out of the furnace and allowed to stand for 

40 cooling, to obtain a sintered product composed of only the phosphor. 

Subsequently, the sintered product was placed in a sealed container and the inside of the container was 
made vacuum by means of a rotary pump. In the vacuum container, the sintered product was immersed in 
a liquid of a thermosetting resin (RTV rubber, trade name: KE109. A liquid : B liquid =1:1. available from 
Shinetsu Chemical Industries Co.. Ltd.). Thereafter, the sintered product was taken out of the container and 

45 then the surplus resin was removed from the sintered product. The sintered product was then heated at a 
temperature of 120"C for 2 hours to cure the resin, to obtain a phosphor layer of 200 am thick impregnated 
with the thermosetting resin. 

One surface of the phosphor layer was combined with an aluminum oxide plate (support, thickness: 1 
mm) using a polyester adhesive to provide a support on the phosphor layer. 

50 On the other surface of the phosphor layer (opposite side surface of the support side) was placed a 
transparent polyethylene terephthalate film (thickness: 12 um. provided with a polyester adhesive layer on 
one surface) to combine the transparent film and the phosphor layer with the adhesive layer. 

Thus, a radiation image storage panel consisting essentially of a support, a phosphor layer and a 
protective film. 

55 
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Examples 2 & 3 

The orocedure of Example i was repeated except for changing the temperature for sintering the 
phosphorT 7^^^^^^^^ 850-C. to prepare two kinds of radiation image storage panels cons.s.ng 
essentially of a support, a phosphor layer and a protective film. 

Comparison Examples 1:3 

Each procedure of Examples 1 to 3 was repeated except for not impregnating ^^'^/jjj^^^'^^^^^^^ ^j* 
the th^mosetting resin, to prepare three kinds of radiation image storage panels cons.st.ng essent,a.ly of a 

^"^Te - - at^ve-desCbed examples were -erm.™ 

relative den^ty of the phosphor layer by calculating based on the aforemenfoned formula (I). The density 

%?ertre^Xion l%TLage panels were evaluated on the sens.tivity and the handling property 
(i.e.. resistance to external force applied to the panel) according to the followmg tests. 



20 



2S 



30 



35 



(1) Sensitivity 

The radiation image storage panel was excited with a He-Ne laser beam after exposure to X-rays at 
voltage of 80 KVp , to measure the sensitivity. 

(2) Handling Property 

The radiation image storage panel was carried at several times with hands, and then the change of the 
surface condton of the phosphor layer caused by the external force applied to the panel was observed 

''''^teTel^V^'e.^uaXio.s on the sensitivity and the handling property are set forth in Table 1 . 



40 
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Table 1 



10 



Sintering Relative Relative Handling 
Temperature Density Sensitivity Property 
(°C) (%) 



75 



Example 



1 
2 
3 



650 
750 
850 



75 
88 
93 



140 
145 
150 



good 
good 
good 



20 



25 



Com. Ex. 1 
2 
3 



650 
750 
850 



75 
88 
93 



100 
120 
130 



bad 
bad 
bad 



30 



As is evident from the results set forth in Table 1. all of the panels having a phosphor layer 
impregnated with the polymer material according to the present invention (Examples 1 to 3) were 
remarkably enhanced in the sensitivity and showed excellent handling property, as compared with the 
panels for comparison having a phosphor layer impregnated with no polymer material (Comparison 
Examples 1 to 3). 



35 Examples 4-6 



Each procedure of Examples 1 to 3 was repeated except for dispersing ultramarine blue (colorant) in 
the thermosetting resin in an amount of 1 mg. per 1 g. of the resin and then immersing the sintered product 
in the resin dispersion containing the colorant, to prepare three kinds of radiation image storage panels 
consisting essentially of a support, a colored phosphor layer and a protective film. 

The radiation image storage panels obtained in Examples 4 to 6 were evaluated on the sensitivity 
according to the above-described test and further evaluated on the sharpness of images provided by the 
panels according to the following test. 



40 



45 



(1) Sharpness of Image 

50 The radiation image storage panel was exposed to X-rays at voltage of 80 KVp through a CTF chart and 
then scanned with a He-Ne laser beam (wavelength: 633 nm) to excite the phosphor contained in the panel. 
The light emitted by the phosphor layer of the panel was detected and converted to electric signals by 
means of a photosensor (photomultiplier having spectral sensitivity of type S-5), From the electric signals, a 
radiation image of the CTF chart was reproduced as a visible image on a display device. The contrast 

55 transfer function (CTF) value of the visible image was determined, and the sharpness was evaluated by the 
CTF value at a spatial frequency of 2 cycle- mm. 

The results of the evaluations on the sensitivity and the sharpness of an image as shown in Fig. 2 and 
set forth in Table 2, in which the results on the radiation image storage panels of Examples i to 3 are also 
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''°"F;"2^rol's°T^^^^^^^^^ native sensitivity is plotted as abscissa and the sharpness is plotted 

as ordinate. .^^.^^^^ ^^^^^^ ^ ^^^.^^^^ .^^^^ 3,^,^3^ ^^ according to 

me "resent'Jer^^^^^ n^easured points 1 to 3 (marked by OHndicate the 

a ohosDhor layer impregnated with the thermosetting resm (Examples 1 - 3). respectively, ana "e 
LiurS points 4 lo 6 (marked by •) Indicated the results on the panels having a P^°^P;°J 
J^pTiSt^w th the thermosetting resin (Examples 4 - 6). respectively. Each "^^Curve a and Cu ve b ^ven 
aTonfthe measured points 1 to 3 and along the measured points 4 to 6, respectively, 'nd-cates a 
Sonship between the reiative sensitivity and the sharpness with respect to. the rad.at.on .mage storage 
panel according to the invention. 



IS 



20 



30 



35 
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Table 2 



Relative Sensitivity Sharpness 

(96) 



Example 1 140 



28 



2S p 145 26 



2 

3 .150 



25 



Example 4 130 
5 



34 



6 



135 32 
140 30 



As is evident from the results shown in Fig. 2 and set forth in Table 2. the radiation .mage storage 
oan^s havTng a cdoTed phosphor layer according to the present invention (Examples 4 to 6 provided 
fm«nL, ofhiflher sharoness than the panels having an uncolored phosphor layer (Example 1 to 3) when the 
LeSX JS^eof was he sa^^ panels having a colored phosphor layer had a higher sensitivi^ 

Tn ?e pfne^s havfng an uncolored phosphor layer when the sharpness of images prov.ded thereby was 
the same. 

Claims * 

1. A radiation image storage panel having a phosphor layer which comprises a stimulable phosphor, in 
which said phosphor layer is impregnated with a polymer matenal. ^ , ^„„oiot.r 

2 T^e radiation image storage panel as claimed in claim 1, in which said phosphor layer consists 
<».t.?pntiallv of a sintered stimulable phosphor and has a relative density of not less than 70 o. 

3 t.e°adiaSint^e storage'panel as claimed In claim 2. in which said sUmulable phosphor has a 

^^^'rXtSr: -mT-Se p^eTaTcaimed in Cm 1. in which said phosphor layer consists 

-rT':Z^:^^ZZr:tr^ « m ..m . . ... poly^er matena, is a 

thermosetting resin, a ultraviolet-curing resin or an electron beam-cunng resin. 
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6. The radiation image storage panel as claimed in claim 1, in which said phosphor layer is colored with 
a colorant calpable of absorbing at least a portion of stimulating rays for the stinnulable phosphor. 

7. The radiation image storage panel as claimed in claim 6. in which said colorant is impregnated in the 
phosphor layer with the polymer material. 

5 8. A process for the preparation of a radiation image storage panel which has a phosphor layer of a 
stimulable phosphor, which comprises the steps of molding a phosphor layer-forming material containing a 
stimulable phosphor into a sheet, sintering the molded product and then immersing the sintered product in 
a liquid of a polymer material to form a phosphor layer impregnated with the polymer material. 

9. The process as claimed in claim 8, in which said phosphor layer-forming material is a powder 
70 material comprising the stimulable phosphor, and the powder material is charged into a molding tool to be 

molded into a sheet. 

10. The process as claimed in claim 8. in which said phosphor layer-forming material is a dispersion 
containing the stimulable phosphor in a binder solution, and the dispersion is poured into a molding tool to 
be molded into a sheet. 

75 11. The process as claimed in claim 8, in which said phosphor layer-forming material is a dispersion 
containing the stimulable phosphor in a binder solution, and the dispersion is coated over a substrate to be 
molded into a sheet. 

12. The process as claimed in claim 9, in which said molded product comprising the powder material is 
sintered at a temperature ranging from 500 to 1 .000**C in an inert atmosphere or a reducing atmosphere. 
20 13- The process as claimed in claim 12. In which said molded product comprising the powder material 
is sintered at a temperature ranging from 700 to 950°C in an inert atmosphere or a reducing atmosphere. 

14. The process as claimed in claim 10 or 11. in which said binder contained in the molded product 
comprising the dispersion is vaporized at a temperature ranging from 100 to 450* C in an inert atmosphere 
or an oxidizing atmosphere, and then the molded product is sintered at a temperature ranging from 500 to 

25 1 ,000 "C in an inert atmosphere or a reducing atmosphere. 

15. The process as claimed in claim 14, in which said binder contained in the molded product 
comprising the dispersion is vaporized at a temperature ranging from 300 to 400*'C in an inert atmosphere 
or an oxidizing atmosphere, and then the molded product is sintered at a temperature ranging from 700 to 
950 'C in an inert atmosphere or a reducing atmosphere. 

30 16. The process as claimed in claim 8. in which said polymer material is a thermosetting resin, a 
ultraviolet-curing resin or an electron beam-curing resin, and the sintered product is immersed in a liquid of 
the resin and then the resin is cured. 

17. The process as claimed in claim 8, in which said liquid of the polymer material contains a colorant 
capable of absorbing at least a portion of stimulating rays for the stimulable phosphor. 

35 18. A process for the preparation of a radiation image storage panel comprising a support and a 
phosphor layer of a stimulable phosphor provided thereon, which comprises the steps of depositing the 
stimulable phosphor on the support to give a deposited film of the stimulable phosphor and then immersing 
the deposited film in a liquid of a polymer material to form a phosphor layer impregnated with the polymer 
material. 

40 19. The process as claimed in claim 18. in which said polymer material is a thermosetting resm. a 
ultraviolet-curing resin or an electron beam-curing resin, and the deposited film is immersed in a liquid of 
the resin and then the resin is cured. 

20. The process as claimed in claim 18. In which said liquid of the polymer material contains a colorant 
capable of absorbing at least a portion of stimulating rays for the stimulable phosphor. 
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